Abbreviation Key: 3 H-TdR = tritiated thymidine; CM = conditioned medium; Con A = Concanavalin A; IL = interleukin; LPS = lipopolysaccharide; NK = natural killer cells; PMNL = polymorphonuclear leukocytes; TNF = tumor necrosis factor. ABSTRACT Although many antimicrobial agents have been reported to cause immunosuppression in animals, macrolide antibiotics enhance immune function. Tylosin is a macrolide antibiotic approved for the control of mycoplasmosis in poultry. The purpose of this investigation was to determine the effect of tylosin on cellular immune functions in chickens. There was no significant difference in adherent splenocyte chemotaxis between tylosin-treated and untreated (control) chickens. Tylosin increased splenocyte proliferation and splenocyte conditioned medium (CM) proliferative activity above control levels. Removal of adherent splenocytes before preparation of CM caused a reduction in CM proliferative activity. Tylosin also increased antitumor activity of splenocytes. These data are the first to suggest that the macrolide antibiotic, tylosin tartrate, has a modulatory effect in chickens on the immune parameters studied.
INTRODUCTION
In previous publications, it has been reported that antimicrobial agents can have adverse effects on the functions of leukocytes, especially polymorphonuclear leukocytes (PMNL) and lymphocytes (Eda and Harada, 1991) . Recently, however, the positive effects of macrolide antibiotics on the host's defense mechanisms in animals have been evaluated. Specifically, reports have indicated that erythromycin enhanced the following in vivo and in vitro functions: chemotaxis of PMNL and macrophages (Ras and Anderson, 1986) , phagocytosis (Fraschini et al., 1986) , proliferation of leukocytes (Cheers and Stanley, 1988; Katahira et al., 1991b) , production of superoxide (Fraschini et al., 1986) , interleukin-1 (IL-1), and tumor necrosis factor (TNF) activity (Katahira et al., 1991a) , increased Concanavalin A (Con A)-induced blastogenesis (Kita et al., 1990) , and activation of natural killer (NK) cells (Fraschini et al., 1986) .
Although it may be inferred that the macrolide antibiotic, tylosin tartrate (Tylan Soluble ® ) has similar effects to erythromycin, there have been few reports on the effects of tylosin on leukocyte function in poultry. Therefore, the objective of this investigation was to determine the effect of tylosin on cellular immune function in chickens. To accomplish this goal, tylosin was orally administered to broiler chickens and leukocyte functions, including chemotaxis, splenocyte proliferation, and cytotoxicity, were evaluated.
MATERIALS AND METHODS

Experimental Animals
Noninbred 4-wk-old White Leghorn chickens from HyLine 2 raised at the investigator's facility were used in all studies. The Hy-Line commercial cross strain is homozygous at the major histocompatibility B locus. The strain was used for the culture of lymphocytes in these studies because of inhibition to the mixed lymphocyte reaction. The chickens were housed in a heated brooder battery and provided ad libitum access to a balanced commercial diet and water.
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Tylosin Tartrate
Tylan Soluble ®3 was diluted in calcium-and magnesium-free PBS to a final concentration of 56 mg/ mL. Four-week-old chickens were orally gavaged with a dose of 140 mg/kg BW.
Preparation and Collection of Leukocytes
Splenic Lymphocytes. Splenic lymphocytes were prepared in the following manner (Tsuji et al., 1993) . Briefly, spleens were aseptically removed from euthanatized chickens, minced into small pieces with ophthalmic scissors, and passed through a tissue sieve in order to prepare a single cell suspension in RPMI 1640 medium. The suspension was centrifuged at 150 × g for 10 min. The supernatant was discarded and the pellet was resuspended in RPMI 1640 medium. The suspension was layered onto Lymphoprep ®4 and centrifuged at 120 × g for 10 min in order to enrich the splenic mononuclear cell population. After centrifugation, the splenic mononuclear cells were collected and washed three times in RPMI 1640. To remove adherent cells, 5 × 10 5 viable splenocytes per milliliter were seeded in the wells of a 24-well plate, 5 incubated for 3 h at 39 C in a 5% CO 2 incubator, and detached by scraping with a rubber policeman. After incubation, nonadherent cells (i.e., splenic lymphocytes) were collected by pipetting, centrifuged at 150 × g for 10 min, resuspended in RPMI 1640 medium and stored on ice until used.
Preparation of Whole and Nonadherent Splenocyte Culture Supernatants
One milliliter of either whole, viable splenocytes or nonadherent splenocytes (3 × 10 6 cells per milliliter) were seeded into the wells of a 24-well plate in the presence or absence of 2 mg/mL of Con A 6 and incubated at 39 C for 24 h in a 5% CO 2 incubator. After incubation, the culture supernatant (conditioned medium; CM) was removed from each well, centrifuged at 1,200 × g for 10 min to remove cells, alpha-methyl pyrannoside was added to inactivate residual Con A, and the CM was stored at -70 C until used.
Chemotaxis
Chemotaxis of adherent splenocytes followed a published procedure (Kogut et al., 1995) . Briefly, 0.2 mL of 10% zymosan-treated serum was placed in the bottom wells of a modified Boyden chemotaxis chamber, 7 a polycarbonate filter with a 5-mm pore size separated the lower and upper chamber, and 0.2 mL of the adherent cell suspension (5 × 10 6 cells per milliliter) was seeded in the wells of the upper chamber. The chamber was incubated for 90 min at 39 C in a 5% CO 2 incubator. After incubation, the filter was removed from the chamber, washed three times in PBS, fixed in absolute methanol, and stained with Giemsa solution. The membrane was mounted on a glass slide, and the number of cells that migrated through the filter was counted using a microscope with a 1 cm 2 micrometer. The total number of cells in five microscopic fields (area = 0.3125 mm 2 ) was recorded.
Measurement of Lymphocyte Function
Proliferation of Splenocytes by Mitogen Stimulation. Splenocyte proliferation was determined using a previously described method (Nariuchi, 1989) . Briefly, splenocytes were isolated from the spleens of either tylosin-treated (140 mg/kg BW) or untreated 4-wk-old chickens, and adjusted to a concentration of 2 × 10 6 cells per milliliter in RPMI 1640. One milliliter of the suspension was seeded in the wells of a 24-well plate. The cells were stimulated with either 1 mg/mL Con A or 25 mg/mL lipopolysaccharide 8 (LPS; Escherichia coli serotype O111) and the plate was incubated for 42 h at 39 C in a 5% CO 2 incubator. The wells were pulsed with 1 mCi/well of tritiated thymidine ( 3 H-TdR) 9 for the final 18-h incubation period. The cells in each well were collected onto filter paper 10 using a cell harvester, 11 washed with PBS and then dried. The filters were placed in 2 mL scintillation cocktail (Scintisol) 11 in scintillation tubes, and the radiation (counts per minute) was measured using a liquid scintillation counter.
Proliferation of Splenocytes by CM Stimulation. Whole or nonadherent splenocytes were obtained from 10-wk-old chickens as described above. One milliliter of cells was suspended in RPMI 1640 and seeded at a concentration of 2 × 10 6 cells per milliliter in each well of a 24-well plate. One hundred microliters of CM obtained from either tylosin-treated or untreated chickens was added to the wells. The plate was incubated for 24 h at 39 C in a 5% CO 2 incubator. The proliferative activity of CM on splenocytes was determined as described above.
NK Cell Activity of Splenocytes
Cytotoxic activity of splenocytes was determined using the Cytotox 96 assay system, 12 which measures the release of lactate dehydrogenase from lysed cells. Splenocytes were isolated from the spleens of either tylosin-treated (140 mg/kg BW) or untreated 4-wk-old chickens, and adjusted to concentration of 2.5, 5, 10, or 20 × 10 3 cells per milliliter in RPMI 1640. One hundred microliters of splenocytes (effector cells) was co-cultured with 100 mL of MSB-1 cells (Marek's Disease Virus transformed lym- phoblastoid cell line used as target cells; kindly provided by H. Matsuda, Dept. of Immunobiology, Hiroshima University, Higashi Hiroshima, Japan) at a concentration of 1 × 10 5 cells/mL in a 96-well plate. The plate was incubated for 4 h at 39 C in a 5% CO 2 incubator. After incubation, the plate was centrifuged for 4 min at 250 × g. After centrifugation, 50 mL of supernatant was combined with 50 mL of the Substrate Mix. The solution was incubated for 30 min at room temperature and 50 mL of the Stop solution was added. Lactate dehydrogenase was measured by an ELISA reader at a 492 nm wavelength.
Statistical Analysis
Statistical significance between untreated and tylosintreated endpoints was determined using the Student's t test (Zar, 1974) . The level of significance was reported at P < 0.05.
RESULTS
Chemotaxis by Bronchoalveolar Cells
Modified Boyden chemotaxis chambers were used to determine the effect of tylosin on the chemotactic activity of adherent splenocytes from chickens. In five replicate experiments, tylosin had no effect on random migration, but caused a numerical increase in chemotactic activity of adherent splenocytes as compared to controls.
Splenocyte Proliferation by Mitogen Stimulation
In order to evaluate the effect of tylosin on cellmediated immune responses in the spleen, the incorporation of 3 H-TdR by splenocytes from either treated or control chickens stimulated with either Con A or LPS was investigated in three replicate experiments. Lipopolysaccharide did not increase 3 H-TdR incorporation in the splenocytes of either treated or control chickens. However, Con A stimulation caused a significant increase in 3 H-TdR incorporation in splenocytes of treated chickens as compared to controls (Figure 1 ).
Splenocyte Proliferation by CM
Because tylosin increased Con A-stimulated proliferation of splenocytes, we asked whether tylosin was mediating this effect by the production of either proliferative factors or cytokines derived from splenocytes. To answer this question, CM was prepared from the splenocytes of treated and control chickens. These CM preparations were used in the presence and absence of Con A to measure splenocyte proliferation from normal 10-wk-old chickens. In four experiments, CM alone from either treated or control chickens did not increase 3 H-TdR incorporation by splenocytes. However, when splenocytes were stimulated with CM (either source) in the presence of Con A, there was a significant increase in 3 H-TdR incorporation by splenocytes as compared to controls. Furthermore, CM from treated chickens in the presence of Con A caused a significant increase in 3 H-TdR incorporation by splenocytes (8 × 10 3 cpm) as compared to CM from untreated samples (3 × 10 3 cpm) (Figure 2 ).
Splenocyte Proliferation by CM from Nonadherent Splenocytes
As tylosin increased the proliferative activity of CM from treated chickens, we asked whether cytokines derived from lymphocytes or macrophages were responsible for the increase in activity. For this study, nonadher- ent splenocytes (containing a decreased population of MPS cells) from treated and control chickens were used to prepare CM, and the CM was assayed for proliferative activity under identical conditions as described above. In five experiments, CM alone prepared from either treated or control chickens did not increase 3 H-TdR incorporation by splenocytes above background activity. Conditioned medium prepared from both sources combined with Con A increased 3 H-TdR incorporation by splenocytes above controls and above CM alone. There was no significant difference in 3 H-TdR incorporation by splenocytes when the cells were stimulated with CM from treated chickens and Con A (4 × 10 3 cpm) or CM from control chickens and Con A (3.5 × 10 3 cpm) (Figure 4) . Depletion of adherent cells from the splenocyte population decreased the proliferative activity of the CM from treated chickens (Figures 2 and 3) .
NK Cell Activity of Splenocytes
Natural killer cells include a unique subset of lymphocytes that, when activated, can cause direct lysis of target cells. The purpose of this study was to determine whether tylosin could increase the cytotoxic activity of these leukocytes. Splenocytes from treated and control chickens were co-cultured with the target cells, MSB-1, and cell lysis was measured after a 4-h incubation period. At a ratio of 1:10 (splenocytes:MSB-1), tylosin caused a significant increase in the cytotoxic activity of splenocytes as compared to controls (Figure 4 ).
DISCUSSION
Macrolide antibiotics are compounds with large lactone rings associated with sugars, generally have a Gram-positive antibacterial spectrum, and act by interfering with bacterial protein synthesis (Huber, 1988) .
Although several antimicrobial classes may have immunosuppressive effects on leukocytes, it is well known from the human literature that macrolide antibiotics such as erythromycin are unique in that they have immunomodulatory effects on leukocytes, macrophages in particular. Tylosin is a macrolide antibiotic that is approved for the control of mycoplasmosis in poultry. Several reports have demonstrated that erythromycin increases cellular immune functions in animals; however, few studies have evaluated the immunopotentiating effects of tylosin in domestic animals. The purpose of this investigation was to evaluate ex vivo cellular immune function in chickens treated with an oral dose of tylosin. The data from this report indicates that tylosin enhanced cellular immune functions in chickens.
The macrophage, a component of the MPS, is part of the first line of defense against infectious organisms in animals. Specific functions of this leukocyte include phagocytosis to engulf and trap organisms, cytokine production to regulate the immune response, and ultimately, pathogen elimination. When macrophages are activated, their functions become enhanced. In fact, reports have shown that macrolide antibiotics can enhance macrophage functions, including bactericidal activity (Fietta et al., 1987) .
In the early stages of inflammation, biological signals are released at the nidus of infection in order to recruit leukocytes to the site. During this stage, macrophage chemotaxis to the site is required in order for efficient antigen processing or presentation, immune regulation, and pathogen elimination to occur. Tylosin had no effect on random migration, but caused a numerical increase in the chemotactic activity of adherent splenocytes from chickens as compared to controls.
The cellular immune response is defined as that response that requires cells or their soluble products (cytokines) in order to eliminate pathogens. The T lymphocyte is the primary effector cell that regulates this response, and cytokines are responsible for regulating the biological activity. One classical determination of cell-mediated immunity is mitogen-stimulated proliferation of splenocytes. Concanavalin A is a mitogen that activates T lymphocytes, and LPS is the most potent mitogen that stimulates B lymphocyte proliferation. Maximum splenocyte proliferation requires the coordination and participation of macrophages and T lymphocytes. Tylosin caused a significant increase in Con Astimulated splenocyte proliferation as compared to controls (Figure 1 ). Because Con A causes splenocyte proliferation by binding the lectin receptor on T lymphocytes, and these leukocytes are involved in the direct and indirect production of proliferative factors or cytokines, these data suggested that tylosin may have had a permissive effect on splenocytes that resulted in increased responsiveness to Con A-induced proliferation. The results of the present study indicated that there was no difference in the proliferation between treated and control chickens when LPS was used as the mitogen (Figure 1 ). In three replicate experiments, LPS did not increase proliferation above control values.
Based on the above finding of tylosin activity on splenocyte proliferation, the experiments that followed focused on the proliferative factors or cytokines produced by the splenocytes. The major cytokines that influence splenocyte proliferation are IL-1, produced largely by macrophages, and IL-2, produced by activated T lymphocytes. The proliferative activity of IL-1 on splenocytes is indirect in that the cytokine activates T lymphocytes to produce IL-2, and IL-2 has the direct proliferative activity. Thus, CM was prepared from either whole splenocytes (cytokine influence from MPS cells and lymphocytes) or nonadherent splenocytes (cytokine influence from lymphocytes) of treated and control chickens. In the presence of Con A, CM prepared from whole splenocytes of treated chickens caused a significant twofold increase in splenocyte proliferation as compared to controls (Figure 2 ). In the presence of Con A, there was no significant difference in splenocyte proliferation by CM prepared from nonadherent splenocytes from either treated or control chickens (Figure 3) . Furthermore, the activities of CM prepared from nonadherent splenocytes of either treated or control chickens were similar to activity from CM prepared from whole splenocytes of untreated chickens (Figures 2  and 3 ). Taken together, these data suggest 1) that the cytokine production of MPS cells in CM is required in order to produce a maximal proliferative response and 2) the major effector cells of tylosin immunopotentiation may be MPS cells.
A unique leukocyte of the lymphocyte lineage is the NK cell. Found largely in the spleen, these cells lack markers for both T and B lymphocytes. Their function is the cytolysis of tumor cells and virus-infected cells, but not normal cells. Several cytokines, including TNF, the interferons, and IL-2, are capable of differentiating NK cells into lymphokine-activated killer cells, which have increased cytotoxic activity. In the present study, splenocytes from treated and control chickens were cocultured with the avian tumor cell line, MSB-1. At a ratio of 1:10 (splenocytes:MSB-1), tylosin caused a significant increase in the cytotoxic activity of splenocytes as compared to controls (Figure 4) . Because tylosin increased the activity of CM, as described earlier, it is possible that increased cytokine elaboration in the milieu of the spleen increased NK activity of splenocytes. Alternatively, it is possible that a cytokine, such as TNF, caused direct lysis of the tumor cells.
The cell-mediated response is important for the resolution of many infectious diseases in poultry. In this investigation, tylosin enhanced cell-mediated immunity, as evidenced by increased splenocyte proliferation, increased CM activity (probably due to the influence of cytokines), and increased splenocyte anti-tumor activity. We speculate that tylosin enhanced these activities via MPS cell activation, which facilitated cytokine production by T lymphocytes.
The purpose of this investigation was to determine the effect of tylosin on ex vivo cellular immune responses in chickens. We present evidence that tylosin increased splenocyte proliferation, CM activity, and splenocyte anti-tumor activity. Although cytokine activities and not specific cytokine levels were measured, we postulate that tylosin mediated these effects through a cytokine cascade. Potentially, tylosin activated MPS cells to produce IL-1, which then activated T lymphocytes. T lymphocytes produced cytokines that enhanced the biological responses. Thus, besides the direct antibacterial effects of tylosin against mycoplasmosis, it appears that an ancillary benefit of the drug is potentiation of cell-mediated immune responses in chickens. Further studies will be required to elucidate the mechanism of activity and to demonstrate this effect of tylosin on cellmediated parameters in chickens housed under field conditions.
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